Introduction
Pressure Die Casting Process (PDC) is a complex industrial system. In a typical die casting machine the molten metal is poured in the shot sleeve through a ladle after the die is closed. A movement of plunger (piston) forces the metal through the die resulting in that the moveable part coincides with the fixed part. Some die casting machines allow for this plunger movement to be completed in four stages. However, typically it is done in two stages only. The plunger starts initially with a low velocity, then the velocity increases during the piston's motion at a change over position, the length of travel of the piston in the low velocity up to the change over point is known as first phase length and the injection pressure is decreases at the end when nearly all the liquid metal is injected into the die and solidifies.. During this process taking place inside the shot sleeve the flow of the metal inside the shot sleeve before plunger should be in laminar if these speeds, first phase length, and injection pressure are not set properly the flow of metal will disturbed and convert into turbulence and there will be possibility of formation of porosity during process [7] . Though die casting process has a large number of parameters that may affect the quality of the casting some of these are controllable while others are noise factors. Therefore, a die casting company can be an ideal place to apply Taguchi's test method for continuous and rapid quality improvement. In this experiment more importance is given for the parameter design stage. The basic steps to investigate the role process parameters in porosity formation and to improve casting quality are summarized below. 1. Determine the casting porosity as a quality characteristic 2. Select the most significant die casting parameters that cause variation in porosity. 3. Operate the die casting process under the experimental conditions dictated by the chosen L9 orthogonal array (OA) and parameter levels. Collect data. 4. Analyses the data. An analysis of variance (ANOVA) table can be generated to determine the statistical significance of the parameters. Response graphs are plotted to determine preferred levels of each parameter. 5. Make decisions regarding optimum setting of control parameters. 6. Predict the treatment casting porosity conditions that derive from the new optimum level of each parameter
II. Experimental procedure
In this experiment the die casting cell consists of 250 T die casting machine, a holding furnace, an automatic lubrication for inner die surfaces, an automatic metal ladle, robot extractor and shot monitoring system for analysis and investigation of different die casting parameters. The test component is a irregular shape connecting rod part shown in Fig.1 . Fig.1 Also percentage porosity was the primary quantitative measure in this investigation; the first step was the accurate determination of sample density by immersion technique. All samples were weighed twice to check the error and for repeatability of results on electronic weighing machine in grams. Volume of sample was calculated by Archimedes principle that is volume of the water that solid displace when it is immersed in the water is the same as the volume of the solid itself. The density was calculated by mass/volume for each sample. Porosity was calculated by using relation [3] (1)
Where is the measured casting density and is the fully dense casting having no porosity (3.25g/cm 3 ). Porosity is a type of quality characteristic with the objective 'the lower the better'. Therefore the S/N ratio was used for this of response and is given by [3] (2)
The most significant parameters were selected are first phase speed as (factor A), second phase speed as (factor B), first phase length as (factor C), Injection pressure as (factor D). The other parameters are kept constant for entire experimentation. The selected process parameters, along with their ranges are given in Table1 The most significant parameters were selected are first phase speed as (factor A), second phase speed as (factor B), first phase length as (factor C), Injection pressure as (factor D). The other parameters are kept constant for entire experimentation. The selected process parameters, along with their ranges are given in Table1
Table1. Process parameters with their ranges and value at three levels In this study an L9 orthogonal array with five columns and nine rows was used. This array has eight degree of freedom and it can handle four process parameter. Each die casting parameter was assigned to a column and nine die casting parameter combinations were tested. Therefore only nine experiments are required to study the entire casting parameter space using the L9 orthogonal array. The experimental layout for the casting parameters using L9 orthogonal array is shown in Table 3 [12, 13, 14] 1 + 2 + ⋯ ⋯ + 9 = −15.019 Using the S/N ratio data and porosity data available in Table 4 the average of each level of the four factors is calculated and listed in Table 5 and 6. They are the separate effect of each factor and are commonly called main effects. The Graph 1. Shows the relations between the factors of A, B, C, D and the porosity levels (average effect response for porosity levels) The next step is the analysis of variance (ANOVA). The relative magnitude of the factor effects are listed in Table 7 and 8. A better feel for the relative effect of the different factors is obtained by the decomposition of variance, which is commonly called as analysis of variance (ANOVA). This is obtained first by computing the sum of squares. 〔12] (11) (12) (13) (14) Total sum of squares = 
Similarly the sum of squares due to factor B,C and D can be computed as respectively. Now all these sun of squares are tabulated in Table 7 due to S/N ratio and in Table 8 due to porosity values. The contribution percentage of all the four parameters has been estimated. In order to study the parameter significance, ANOVA was performed in Table 7 of the S/N ratio. From Table 7 it is seen that the injection pressure (parameter D) significantly affect the mean average of S/N ratio of 43.64%. Also, the first phase speed (parameter A), second phase speed (Parameter B) and first phase length (parameter C) affect S/N ratio of 6.5, 21.43, 28.39, percentage respectively. Table 8 presents an ANOVA of mean average casting porosity for same parameters. From Table 8 it is proved that the same parameters (A, B, C and D) significantly affect the variability in S/N ratio of 7.05, 22.11, 28.52, and 42.30 percentage respectively.
Table7. S/N ratio of casting porosity pooled ANOVA

III. Estimation of predicted mean
At the optimum setting condition, the casting porosity values were estimated from the following equation. [3] (3) (3) (5) Predicted casting porosity:
Where F p is the F -ratio of factor P. parameters represent the best condition of experiments. The is the overall β -factor which is defined as
Where T is the sum square (ss) and is the variance due to error. From Tables 3 to 8 it can be represented that M = 0.177 percentage for casting porosity. T = 0.000936 and = 0.000375. Therefore, the predicted mean estimation of casting porosity is calculated
IV. Estimation of predicted confidence interval
Confidence interval (CI) of the above predicted estimation can be calculated taking into account the following equation 
V. Confirmation Experiments
Three confirmation tests were conducted at the optimum setting of the process parameters as recommended by the investigation. The average value of casting porosity obtained at the optimum setting of die casting parameters was found to be within the predicted confidence interval of the casting porosity.
VI. Conclusion
The following conclusions were drawn from the present investigation. The experimental procedure showed that the first phase speed, second phase sped, first phase length and injection pressure are the influential parameters affecting the casting porosity ally SAE 308. Consequently the higher level of injection pressure 270 kg/cm² has the most significant effecting. This was expected because the injection pressure stage of the die casting procedure is more significant than others, as confirmed by literature and experimentation. The predicted mean estimation of casting porosity was calculated as 0.0625 percentages with a confidence interval of between0.05384 and 0.0.07116 percentages. The results are valid within the above range of process parameters and for the specified SAE 308 alloy casting.
